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Nairobi sheep disease (NSD) virus is the prototype of the tick-borne NSD serogroup, genus Nairovirus, family Bunyaviridae.
It is highly pathogenic for sheep and goats, causes disease in humans, and is widespread throughout East Africa. Ganjam
virus has caused disease in goats and humans in India. Due to their occurrence on different continents and association with
different ticks, these viruses were considered distinct despite serologic cross-reactivity. Their S RNA genome segments and
encoded nucleocapsid proteins were found to be 1590 nucleotides and 482 amino acids in length and differed by only 10 and
3% at nucleotide and amino acid levels, respectively. Genetic and serologic data demonstrate that Ganjam virus is anINTRODUCTION
The genus Nairovirus, family Bunyaviridae, includes a
total of 34 tick-borne viruses. These viruses have been
classified into seven serogroups with the most important
serogroups being the Crimean-Congo hemorrhagic fever
(CCHF) group and the Nairobi sheep disease (NSD)
group (Nichol, 2001). The main representatives of the
CCHF group are the human pathogens CCHF and Haz-
ara viruses. The main members of the NSD group are
NSD and Dugbe viruses. Their genomes consist of three
segments of single-stranded RNA, namely a small (S), a
medium (M) and a large (L) segment. The S segment
encodes the viral nucleocapsid (N) protein, the M seg-
ment encodes the glycoproteins G1 and G2, and the viral
polymerase L is encoded in the L segment (Schmaljohn
and Hooper, 2001).
NSD virus is the prototype virus for the NSD sero-
group. It causes acute hemorrhagic gastroenteritis in
sheep and goats, with mortality rates reaching over 90%
in susceptible populations. Sheep and goats are the only
known vertebrate reservoirs and amplifying hosts of
NSD. The disease was first identified near Nairobi,
Kenya in 1910 and NSD virus was shown to be the
causative agent in 1917 (Montgomery, 1917). A few de-
cades later it was demonstrated that the virus was trans-
mitted by the Ixodid tick Rhipicephalus appendiculatus
(Daubney and Hudson, 1931). Disease activity has since
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146been reported from East and Central Africa and serolog-
ical surveys suggest that NSD virus infections also occur
in Ethopia, Somalia, Botswana, and Mozambique. Hu-
man infections have also been reported (Terpstra, 1994).
Ganjam virus was first isolated in 1954 from ticks
collected from goats in India (Dandawate and Shah,
1969), and two years later, found to be associated with
human disease (Dandawate et al., 1969). Serological
surveys throughout three states of India suggested a
widespread occurrence of human infections with Gan-
jam virus. The virus causes a mild febrile disease that
has been best described in workers infected in labora-
tories where the virus was being handled. Ganjam virus
has been repeatedly isolated from ticks, predominantly
Haemaphysalis intermedia, collected on sheep and
goats from several Indian states. The isolation of a virus
belonging to the NSD antigenic group from H. alis inter-
media ticks in Sri Lanka has also been recently reported
(Perera et al., 1996). Serologic evidence suggests that
Ganjam virus infection of sheep and goats in India does
occur, but the extent of associated disease is unclear.
There has been one report of severe disease in sheep
and the virus has been isolated from sheep during one
investigation (Ghalsasi et al., 1981).
More recently, serologic analysis has suggested a
close relationship between NSD and Ganjam viruses
based on comparative indirect fluorescent antibody (IFA),
indirect hemagglutination (IHA), complement fixation
(CF), and serum neutralization testing (Davies et al.,
1978). However, due to their occurrence on different
continents, apparent association with different tick hosts,Asian variant of NSD virus. These viruses were phylogen
© 2002 Elsevier Science (USA)
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and lack of molecular comparative data, the exact rela-
tionship between these two viruses has remained un-etically
clear, and they continue to be referred to as distinct
viruses. To address the question of the genetic related-
ness of these viruses relative to their ecologic differ-
ences, we initiated the sequence analysis of the S RNA
genome segment and encoded proteins of both viruses.
RESULTS AND DISCUSSION
An attempt was made to design generic Nairovirus-
specific oligonucleotide RT-PCR primers based on the
available S RNA genome segment nucleotide sequences
of CCHF (GenBank Accession No. M86625), Hazara
(M86624), and Dugbe (AF434161) viruses. The most ex-
tensive nucleotide conservation is seen at the termini of
the RNA segment. However, even this region has no
contiguous areas 18 nucleotides or more in length that
are completely conserved among these three nairovi-
ruses. A forward primer (Nairo1f), targeting the 3 termi-
nus, was designed with redundancy at position 12 and 15
(Table 1). A reverse primer (Nairo11r), targeting the 5
terminus, was similarly designed with redundancy at
positions 10 and 20. Based on regions of internal se-
quence conservation, several additional primers (also
containing redundancies) were designed for use in com-
bination with either the Nairo1f or the Nairo11r primers.
Only those primers that gave positive results in RT-PCR
reactions are listed in Table 1. Nucleotide sequence data
obtained from these initial PCR products were used to
design additional primers specific for NSD and Ganjam
viruses (Table 1). This strategy resulted in the successful
determination of the S RNA segment sequence of both
viruses (Genbank Accession Nos. AF504293 and
AF504294, respectively).
The S RNA genome segment of NSD and Ganjam
viruses was found to be 1590 nucleotides in length,
which is considerably shorter than those of the other
characterized nairoviruses (1716, 1672, and 1677 nucleo-
tides for Dugbe, CCHF, and Hazara viruses, respectively).
The 5 and 3 noncoding regions of the NSD and Ganjam
virus genomes were determined to be 51 and 93 nucleo-
tides in length, respectively, and to contain one large
open reading frame (ORF) encoding a protein of 482
amino acids in length. NSD and Ganjam virus S RNA
genome segments and encoded N proteins showed a
high degree of relatedness, sharing 89.9 and 96.7% iden-
tity at the nucleotide and deduced amino acid levels,
respectively (Table 2). This is in contrast to approximately
63% nucleotide and 60–63% amino acid identity seen
relative to Dugbe, CCHF, or Hazara viruses (Table 2).
Surprisingly, the virus most closely related to NSD and
Ganjam viruses at the nucleotide and amino acid levels
is Hazara virus (CCHF group), not Dugbe virus (NSD
group) as expected.
The nucleotide and amino acid identity differences
seen between NSD and Ganjam viruses (10.1 and 3.3%,
respectively) are slightly higher than those seen among
Dugbe (8.7 and 1.8%) and CCHF virus isolates (6.3 and
2.7%). However, these differences are insufficient to con-
sider NSD and Ganjam viruses as distinct viruses.
The results of the genetic comparison of the NSD and
Ganjam virus S RNA genome segments correlate well
with results from earlier serologic comparison of these
viruses. Among viruses of the family Bunyaviridae, the
results obtained with the CF test are considered to re-
flect antibodies to the N protein (encoded by the S
segment) as it is the predominant viral antigen present in
the virus-infected cell homogenates used in these tests.
The close relationship found between NSD and Ganjam
based on CF test (Davies et al., 1978), agrees with the
high degree of sequence identity found at the nucleotide
and amino acid levels for the S RNA genome segment
and encoded N proteins of these viruses. Results ob-
tained with IHA and serum neutralization are considered
to reflect antibodies directed toward the virus glycopro-
teins. Consequently, the high degree of relatedness of
these viruses reported earlier based on IHA and serum
neutralization results (Davies et al., 1978) would reflect a
TABLE 1
Primers Used in RT-PCR and Sequencing Reactions
Primer name Sequence (5 3 3) Description
Nairo1f TCTCAAAGACAc/aACa/gTGCCGC Anneals to 3 terminus at position 1–21; design based on alignment
Nairo2r GCAg/aGt/cCCAIGCACACTC Anneals internally at position 303–286; design based on alignment
Nairo3r AACCIACg/aTCCTTt/cCTCCA Anneals internally at position 465–448; design based on alignment
Nairo8f AAAAAAATGAt/aIAAa/gGCACT Anneals internally at position 1075–1094; design based on alignment
Nairo9f AACAGACTa/cTACATGCAt/cCC Anneals internally at position 1162–1181; design based on alignment
Nairo11r TCTCAAAGAt/gATCGTTGCCg/aCAC Anneals to 5 terminus at position 1590–1568; design based on alignment
NSD12f GAA TGG TCG AAC GTG GAC Anneals internally at position 311–328; design based on sequencing data
NSD16r TGC TGT CAG GAC ACC AGG Anneals internally at position 1197–1180; design based on sequencing data
Ganj1f GGG ATG ATC CAA CGT GGC Anneals internally at position 310–327; design based on sequencing data
Ganj4r AGT ATG TTC TTG ATA TGA CCT Anneals internally at position 1292–1272; design based on sequencing data
Note. Annealing positions are given relative to the determined NSD/Ganjam virus sequences (Accession Nos. AF504293 and AF504294). Primers
NSD12f and NSD16r were used specifically for NSD virus and primer Ganj1f and Ganj4r were used for Ganjam virus.
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close relatedness of NSD and Ganjam virus glycopro-
teins encoded by the virus M RNA genome segments.
The combination of the genetic and serologic analysis
demonstrates that Ganjam virus represents an Asian
variant of NSD virus.
The patterns of sequence conservation and variability
of the African and Asian NSD viruses relative to other
viruses in the Nairovirus genus were examined. The
genome RNA termini of CCHF, Dugbe, and Hazara vi-
ruses display complete conservation for the first nine
nucleotides at the 5 and 3 termini. The conservation
extends to nucleotide 21 with variation at positions 10,
12, and 15 and was the basis of the design of the Nairo1f
primer (which incorporated degeneracy at positions 12
and 15) utilized for RT-PCR amplification of the African
and Asian NSD sequences. African and Asian NSD virus
RNA sequences were efficiently amplified using this PCR
primer and resulted in PCR products containing a U and
C at positions 12 and 15, and a G and a C at these
positions, respectively. The exact identity of nucleotide
10 was not determined but appears most likely to be a G
based on conservation in Dugbe and Hazara virus ge-
nome RNAs. This is the basis of the NSD virus genome
5-terminal sequence presented in Fig. 1. Similarly, the
nucleotide conservation at the 3 terminus of CCHF,
Dugbe, and Hazara extends to nucleotide 23 with varia-
tion at positions 10 and 20. The primer targeting this
region (Nairo11r) incorporated degeneracy at these two
positions and efficiently amplified NSD virus RNA se-
quences and resulted in PCR products containing a G at
positions 10 and 20 for both African and Asian NSD
viruses. This is the basis of the NSD virus genome
3-terminal sequence presented in Fig. 1.
Comparison of the RNA secondary structure predic-
tions for representatives of NSD, Dugbe, Hazara, and
CCHF virus genome RNA 3 and 5 termini suggests
conservation of panhandle structures which may be in-
volved in circularization of the genome RNAs (Fig. 1), as
has been observed for other members of the family
Bunyaviridae (Hewlett et al., 1977). Interestingly, all four
virus RNA stem structures possess the common ele-
ments of one stem region (nucleotides 1–9), a non-base-
paired bulge (10–15), a second stem (16–21/22), and (with
slight variation in CCHF) a second bulge (21/22–25), and
a final stem (26–29/31). By analogy with other segmented
negative-stranded RNA viruses, these regions presum-
ably play an important role in virus polymerase binding
and RNA encapsidation processes. The non-base-paired
regions of such RNA termini structures have been shown
to function as polymerase binding sites in segmented
RNA viruses such as influenza virus (Fodor et al., 1994).
In common with the other nairovirus S RNA genome
segments, only a single large ORF encoding the N pro-
tein was observed in the NSD viruses. Similar to the
hantaviruses, the viruses of the genus Nairovirus encode
N proteins that are large relative to other members of the
family Bunyaviridae. In contrast to some members of the
family Bunyaviridae, there is no evidence of the use of
any additional overlapping ORF in S segment of viruses
of the genus Nairovirus. However, it is notable that a
small potential ORF can be seen to exist in the approx-
imately equivalent location in the S segments of NSD
(nucleotides 1454–1585 in antigenomic sense), Dugbe
(1478–1627), CCHF (1458–1640), and Hazara viruses
(1515–1640). These small, relatively basic proteins range
from 42 to 61 amino acids in length. The mechanism by
TABLE 2
Nucleotide and Amino Acid Sequence Identity of the Complete S-Segment Among the Molecularly Described Nairoviruses
Virus
Nucleotide sequence identity, %
Ganjam
AF504294
NSD
AF504293
Dugbe-
AF434161
Dugbe-
AF434162
Dugbe-
AF434163
Dugbe-
AF434164
Dugbe-
AF434165
CCHF
M86625
CCHF
AF354296
CCHF
AF362080
CCHF
AF358784
CCHF
AY029157
Hazara
M86624
Ganjam AF504294 — 89.94 63.26 63.32 63.22 63.34 63.22 63.00 63.06 63.19 62.92 63.12 63.52
NSD AF504293 96.68 — 62.56 63.82 62.52 62.71 62.21 63.42 62.93 63.19 62.60 63.06 63.45
Dugbe-AF434161 60.75 60.13 — 99.30 98.89 99.07 91.08 59.42 59.30 59.45 58.66 59.78 58.20
Dugbe-AF434162 60.75 60.33 99.38 — 99.18 99.07 91.66 59.30 59.66 59.33 58.42 59.66 58.26
Dugbe-AF434163 60.75 60.13 99.59 99.38 — 98.89 91.43 59.24 59.12 59.27 59.27 59.60 58.08
Dugbe-AF434164 60.33 60.33 99.79 99.59 99.79 — 91.31 59.18 59.06 59.21 58.36 59.54 58.32
Dugbe-AF434165 60.00 59.71 98.14 98.34 98.55 98.34 — 59.24 58.88 59.03 58.30 59.24 57.47
CCHF M86625 62.21 62.63 57.71 57.50 57.29 57.50 57.71 — 99.34 99.52 93.72 99.28 61.19
CCHF AF354296 62.00 62.47 57.71 57.50 57.29 57.50 57.71 98.76 — 99.46 93.54 99.22 61.19
CCHF AF362080 62.21 62.63 57.71 57.50 57.29 57.50 57.71 99.17 98.76 — 93.72 99.40 61.12
CCHF AF358784 62.63 62.42 57.50 57.29 57.08 57.29 57.50 97.72 97.30 97.72 — 93.8 60.93
CCHF AY029157 62.42 62.84 57.92 57.71 57.50 57.71 57.92 99.51 99.17 99.59 98.13 — 61.12
Hazara M86624 63.20 63.41 55.81 55.81 55.81 56.02 55.39 59.88 59.67 59.88 60.50 60.08 —
Amino acid sequence identity (%)
Note. Nucleotide sequence identities are listed above the dashes and amino acid sequences identities are listed below the dashes. The previously
determined sequences utilized in the analysis included the complete S segment sequences of the different Dugbe virus isolates (GenBank Accession
Nos. AF434161, AF434162, AF434163, AF434164, AF434165), CCHF virus isolates (GenBank Accession Nos. M86625, AF354296, AF362080, AF358784,
AY029157), and Hazara virus (GenBank Accession No. M86624).
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which these potential ORFs could be expressed is un-
clear. Given their distance from the 5 terminus of the N
mRNA (1400–1500 nucleotides), ribosomal scanning
would be an unlikely mechanism by which these small
ORFs could be accessed. In addition, no evidence of
internal ribosome entry sites exists for mRNAs of any
member of family Bunyaviridae (Schmaljohn and Hooper,
2001). Clearly further work will be necessary to examine
the significance of this shared genomic feature.
Phylogenetic analysis (using the maximum parsimony
method) of the S RNA nucleotide and N protein deduced
amino acid sequence differences among the character-
ized nairoviruses consistently places the African and
Asian NSD viruses in the same monophyletic lineage as
Hazara and CCHF viruses (Fig. 2). The same monophy-
letic lineage was seen on maximum likelihood analysis
of the virus nucleotide differences (data not shown).
Bootstrap analysis of the nucleotide and amino acid data
sets (using the maximum parsimony method) indicates
this grouping is highly supported (100% bootstrap value).
Furthermore, maximum parsimony analysis of the nucle-
otide differences (using a 3:1 weighting of transversions
to transitions) places NSD and Hazara viruses together
in a clade that is well supported (74%) by bootstrap
analysis (Fig. 2A). The same clade can be seen on
analysis of the amino acid differences, albeit with only
modest (53%) bootstrap support (Fig. 2B).
The finding of a closer phylogenetic relationship be-
tween NSD viruses and Hazara virus than NSD viruses
and Dugbe viruses correlates with the relationships seen
based on pairwise sequence analysis (Table 2). NSD and
Dugbe viruses were placed in the same serogroup
FIG. 1. Nairovirus S RNA termini are predicted to form panhandle structures. Conservation of panhandle structures predicted to form between the
3 and 5 termini of the S RNA segments of NSD, Hazara, Dugbe, and CCHF viruses. Energy minimization calculations uniformly predicted three stems
interspersed by two loops within the terminal 30–31 nucleotide regions of the S RNAs of all four viruses.
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based on modest cross-reaction in CF test (Davies et al.,
1978). Presumably, there are shared epitopes between
these two viruses which cause them to appear more
closely related by CF test than the overall amino acid
relationship would suggest. The sequences of the virus
M RNA segments and their encoded proteins are also of
interest. However, our initial attempts to amplify regions
of the NSD virus M segments using RT-PCR primers
designed based on nairovirus RNA terminal regions of
predicted sequence conservation have so far failed. On
the question of whether NSD is a virus of Asian or
African origin, the point has been made previously that
sheep and goats were likely introduced into East Africa
from the Indian subcontinent by trade to the East African
coast (Davies et al., 1978). However, no evidence was
found for the Asian NSD virus being more ancestral to
the African NSD virus based on our phylogenetic analyses.
In summary, the genetic results presented here, to-
gether with serologic data, indicate that NSD virus is
present in both Africa and Asia. The virus is not only
present over a broad geographic region, but can be
associated with at least two different tick hosts, namely
R. appendiculatus and H. intermedia. It is unclear to what
extent the African and Asian virus variants of NSD virus
differ in their ability to cause disease in sheep, goats,
and humans. Improved disease diagnosis and surveil-
lance in Africa and Asia, together with further laboratory
analysis including additional virus strains, will be needed
to address this question.
MATERIALS AND METHODS
RNA extraction
Inactivated virus RNA from NSD virus (RV082 virus,
originally isolated in Kenya) was provided in Trizol solu-
tion (Gibco Life Technologies) by Cindy Rossi at USAM-
RIID. Ganjam virus (strain IG 619, P5, harvested 4/6/66)
was provided by Bob Shope at University of Texas Med-
ical Branch, Galveston, TX. The lyophilized virus was
resuspended in PBS and placed in TriPure (Roche). Virus
RNAs were extracted and purified using an RNaid kit (Bio
101) following the manufacturer’s instructions.
RT-PCR and sequencing
Virus RNA was reversed transcribed and amplified in
single-tube RT-PCR reactions (Access RT-PCR System,
Promega). PCR DNA products were purified on Qiaquick
FIG. 2. Phylogenetic analysis of sequence differences among Nairovirus S RNA segments and encoded N proteins. (A) Maximum parsimony
analysis of nucleotide sequence differences was performed using the heuristic search option and a 3:1 weighting of transversions over transitions.
Shown is a representative of 13 equally parsimonious trees that varied from one another by minor rearrangements among the closely related CCHF
virus strains. Bootstrap analysis was conducted using 1000 replicates and values above 50% are shown at branch points. Horizontal distances
represent nucleotide step differences (see bar scale), while vertical branches are for visual clarity only. (B) Maximum parsimony analysis of the
deduced N protein amino acid sequence differences was carried out using the heuristic search option and the PROTPARS weighting. Bootstrap
analysis was conducted using 1000 replicates and values above 50% are shown at branch points.
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spin columns (Qiagen) and sequenced directly by the
dye termination cycle sequencing technique (Applied
Biosystems Inc.). In addition, PCR products were also
cloned into the TOPO cloning vector pCR-Blunt II-TOPO
(Invitrogen) and individual clones sequenced with prim-
ers used in the RT-PCR reactions as well as with M13
forward and reverse primers supplied by Invitrogen.
A summary of all primers used in this study is given in
Table 1. RT-PCR reactions targeting the 3 end of the viral
RNA were set up with the Nairo1f annealing to the 3
terminus (nucleotides 1–21), and Nairo2r (nucleotides
303–286), or Nairo1f and Nairo3r (nucleotides 465–448).
RT-PCR reactions with forward primer Nairo8f (nucleo-
tides 1075–1094) and reverse primer Nairo11r (nucleo-
tides 1590–1568) targeted the 5 region of the genomic
RNA. As an alternative to the primer Nairo8f, we used the
internal forward primer Nairo9f (nucleotides 1162–1181)
in combination with Nairo11r. Two specific primers for
NSD virus, NSD12f (nucleotides 311–328) and NSD16r
(nucleotides 1197–1180), were used to obtain internal
sequence information. Similarly, two specific primers for
Ganjam virus, Ganj1f (nucleotides 310–327) and Ganj4r
(nucleotides 1292–1272), were used.
Sequence determination and analysis
Amplified DNA products were electrophoresed on 1.5%
agarose gels in Tris–acetate–EDTA buffer. Following
staining with ethidium bromide, specific DNA bands
were located by UV translumination, sliced from the gel,
and purified using Qiaquick spin columns (Qiagen). Dye
terminator cycle sequencing reactions were performed
using ABI PRISM Dye Terminator Cycle Sequencing
Ready Reaction Kits with AmpliTaq DNA Polymerase FS
(Applied Biosystems). Reaction products were purified
using Centri-sep spin columns (Princeton Separations)
and sequences determined using an ABI 377 automated
DNA sequencer (Applied Biosystems). Output chromato-
grams were analyzed using Sequencher 3.0 software
(Gene Codes). NSD and Ganjam virus sequences were
aligned with those of other characterized nairoviruses
using the PILEUP program of the Wisconsin Package
Version 10.2 (Genetics Computer Group, Inc.). Phylo-
genetic analysis was carried out using PAUP4.0b10
(Sinauer Associates Inc., Sunderland, MA). The virus
RNA termini secondary structures were predicted using
the program Mfold, version 3, at the website http://mfold.
burnet.edu.au/ (Zuker et al., 1999). Structures were pre-
dicted based on analysis of the 5 and 3 terminal 50
nucleotides.
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